Two agar-degrading halophilic archaeal strains, 62E T and 197A, were isolated from commercial salt samples. Cells were non-motile cocci, approximately 1.2-2.0 mm in diameter and stained Gram-negative. Colonies were pink-pigmented. Strain 62E T was able to grow with 24-30 % (w/v) NaCl (optimum, 27 %), at pH 6.5-8.5 (optimum, pH 7.5) and at 22-47 6C (optimum, 42 6C). The 16S rRNA gene sequences of strains 62E T and 197A were identical, and the level of DNA-DNA relatedness between them was 90 and 90 % (reciprocally). The closest relative was Halococcus saccharolyticus JCM 8878 T with 99.7 % similarity in 16S rRNA orthologous gene sequences, followed by Halococcus salifodinae JCM 9578 T (99.6 %), while similarities with other species of the genus Halococcus were equal to or lower than 95.1 %. The rpoB9 gene tree strongly supported that the two strains were members of the genus Halococcus. Mean DNA-DNA relatedness between strain 62E T and H. saccharolyticus JCM 8878 T and H. salifodinae JCM 9578 T was 46 and 44 %, respectively. The major polar lipids were archaeol derivatives of phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, derived from both C 20 C 20 and C 20 C 25 archaeol, and sulfated diglycosyl archaeol-1. Several unidentified glycolipids were present. Based on the phenotypic and phylogenetic analyses, the isolates are considered to represent a novel species of the genus Halococcus, for which the name Halococcus agarilyticus sp. nov. is proposed. The type strain is 62E T (5JCM 19592 T 5KCTC 4143 T ).
The status of the genus Halococcus was established based on a taxonomic analysis of several pink-to red-pigmented, extremely halophilic cocci requiring at least 15 % NaCl for growth (Kocur & Hodgkiss, 1973) . The genus Halococcus now belongs to the family Halobacteriaceae in the class Halobacteria, and comprises eight recognized species: Halococcus dombrowskii (Stan-Lotter et al., 2002) , H. hamelinensis (Goh et al., 2006) , H. morrhuae (Kocur & Hodgkiss, 1973) , H. qingdaonensis (Wang et al., 2007) , H. saccharolyticus (Montero et al., 1989) , H. salifodinae (Denner et al., 1994) , H. sediminicola (Yim et al., 2014) and H. thailandensis (Namwong et al., 2007) (http://www.bacterio.net/). They have been isolated from various sources, such as salt lakes, crude sea salt, seawater, rock salt and fermented fish sauce. The major polar lipids of species of this genus are C 20 C 20 and sometimes C 20 C 25 glycerol diether derivatives of phosphatidylglycerol (PG), phosphatidylglycerol phosphate methyl ester (PGP-Me) and sulfated diglycosyl archaeol-1 (S-DGA-1) (Kates, 1993) .
Recently we isolated two coccoid, extremely halophilic, agar-degrading strains, 62E T and 197A, from solar salt samples imported to Japan from two countries (Minegishi et al., 2013) . They produced depressions around colonies on agar plates containing 20 % NaCl, and showed very similar morphological and physiological characteristics. Their 16S rRNA gene sequences were identical, and the closest relatives of the strains were H. saccharolyticus JCM 8887 T and H. salifodinae JCM 9578 T with 99.7 and 99.6 % similarity, respectively, while similarities with other species of the genus Halococcus were equal to or lower than 95.1 %. In the present study, we report the phenotypic, phylogenetic, genotypic and chemotaxonomic characterization of agar-degrading strains 62E T and 197A and propose that they represent a novel species of the genus Halococcus.
Three hundred salt samples (1.0 g each), domestic and imported, were dissolved in 4 ml of 5 % sterile NaCl solution. Approximately 0.1 ml was spread on agar plates, and incubated at 37 u C. The medium was modified JCM medium No. 169, which contained (per litre) 250.0 g NaCl, 0.75 g Casamino acids (Difco), 1.0 g yeast extract (Difco), 0.3 g trisodium citrate . 2H 2 O, 2.0 g KCl, 20.0 g MgSO 4 . 7H 2 O, 0.05 g FeSO 4 . 4H 2 O, 0.2 g MnSO 4 . 4H 2 O and 20.0 g Bacto agar (Difco), pH adjusted to 7.2 with 40 % KOH. Concentrations of organic components, Casamino acids, yeast extract and trisodium citrate were reduced to one-tenth of the authentic JCM medium No. 169. After incubation for 2 weeks, depression of agar was detected around two colonies. Cells were picked up, transferred to new plates, and purified by repeated dilution and streaking on agar plates. The two strains, 62E T and 197A, were isolated from solar salt produced in the Philippines and Italy, respectively. Phenotypic tests were performed as recommended by Oren et al. (1997) using liquid or solidified JCM medium No. 168, which supported good growth of all ten strains (see below) tested in this study. The composition of this medium was (per litre) 250.0 g NaCl, 5.0 g Casamino acids, 5.0 g yeast extract, 3.0 g trisodium citrate . 2H 2 O, 1.0 g sodium glutamate, 20.0 g MgSO 4 . 7H 2 O, 2.0 g KCl, 0.36 g FeCl 2 . 4H 2 O, 0.0036 g MnCl 2 . 4H 2 O and 20.0 Bacto agar, pH adjusted to 7.0 with 40 % KOH. In some experiments the medium was modified as described below. All the phenotypic and phylogenetic characterizations of strains 62E T (Oren & Garrity, 2014) . Most data on this species were taken from Yim et al. (2014) , except for the 16S rRNA gene sequence and polar lipid profile.
Colony morphology was observed on JCM medium No. 168 solidified with agar. Gram-staining was performed according to Dussault (1955) . Cell morphology and motility were examined using a phase-contrast microscope (BX53F; Olympus). Cells of strains 62E T and 197A were non-motile cocci, approximately 1.2-2.0 mm in diameter and stained Gram-negative. Colonies were pink-pigmented. Strain 62E T was able to grow with 24-30 % (w/v) NaCl (optimum, 27 %), at pH 6.5-8.5 (optimum, pH 7.5) and at 22-47 u C (optimum, 42 u C). Strain 197A was able to grow with 24-30 % (w/v) NaCl (optimum, 27 %), at pH 5.5-9.0 (optimum, pH 6.0) and at 22-45 u C (optimum, 37 u C). Both strains required at least 15 mM Mg 2+ for growth (optimum, 60 mM). Cells of both strains did not lyse when suspended in distilled water for 2 h.
Tests for catalase and oxidase activities and for the hydrolysis of starch, gelatin, agar, skimmed milk and Tween 80 were performed as described by Gonzalez et al. (1978) . Reduction of nitrate was detected by using sulfanilic acid and a-naphthylamine reagents (Smibert & Krieg, 1994) . H 2 S formation was determined based on the black sulfide precipitate in the medium containing 0.5 % (w/v) sodium thiosulfate. Indole production from tryptophan and the utilization of sugars and organic acids were assessed as described by Oren et al. (1997) . Utilization of carbon sources for growth was determined in a modified JCM 168 liquid medium, which contained 0.1 % Casamino acids and 0.5 % carbon sources. Yeast extract, L-glutamic acid and trisodium citrate . 2H 2 O were omitted.
The two strains did not hydrolyse starch or Tween 80. Indole formation was weakly positive from tryptophan but no production of H 2 S from thiosulfate was observed. Sensitivity to antimicrobial agents was determined on modified JCM medium No. 168 agar plates by using BD SensiDiscs (Becton Dickinson) except for discs containing ampicillin, anisomycin, aphidicolin, cefoxitin, simrastatin and nystatin, which were prepared in our laboratory. The strains were sensitive (per disc) to anisomycin (500 mg), aphidicolin (250 mg), bacitracin (10 U), novobiocin (30 mg), rifampicin (5 mg) and simrastatin (500 mg), but resistant to ampicillin (100 mg), aztreonam (30 mg), carbenicillin (100 mg), cefoxitin (300 mg), cephalothin (30 mg), chloramphenicol (30 mg), clindamycin (2 mg), erythromycin (15 mg), gentamicin (120 mg), kanamycin (30 mg), linezoid (30 mg), meropenem (10 mg), nalidixic acid (30 mg), neomycin (30 mg), nystatin (500 mg), piperacillin tazobactam (110 mg), penicillin G (10 U), polymyxin B (300 U), streptomycin (300 mg) and tetracycline (30 mg). Sensitivity to sulfisoxazole (250 mg) was variable.
Extraction of total DNA was troublesome because of the rigid cell walls of the strains analysed (Leuko et al., 2008) . However, sufficient amounts of DNA were extracted according to the method of Cline et al. (1989) from cells at early exponential phase. The full-length orthologous 16S rRNA genes of strains 62E T and 197A as well as the eight type strains of recognized species of the genus Halococcus were amplified and sequenced in this study as described by Minegishi et al. (2012) , as some sequences in GenBank were not complete enough to allow reconstruction of a high-quality phylogenetic tree: DQ017835 (1312 bp) for H. hamelinensis 100A6 T , JX989265 (1406 bp) for H. sediminicola CBA1101 T and AB220647 (1384 bp) for H. thailandensis HDB5-2 T . Sequences of RNA polymerase B9 genes (rpoB9) were also determined as described previously (Minegishi et al., 2010) and aligned using CLUSTAL X version 2.1 (Larkin et al., 2007) . Sequence similarity values among strains 62E T and 197A and related taxa were calculated using GENETYX-MAC version 17.0.2 (Genetyx). The phylogenetic tree was reconstructed by the neighbour-joining (NJ) method (Saitou & Nei, 1987) and was evaluated by bootstrap sampling, expressed as percentages of 1000 replicates (Felsenstein, 1985) . Maximum-likelihood (ML) analysis was performed and support values were determined with raxmlGUI version 1.3, using the GTR+C model (Felsenstein, 2002; Stamatakis et al., 2005; Silvestro & Michalak, 2012 T (94.5 %) . The phylogenetic position of the orthologous 16S rRNA gene was also confirmed in trees generated using the NJ (Fig. 1a) and ML algorithms. The rpoB9 gene sequences of strains 62E T (AB810018, 1827 bp) and 197A (AB810019, 1827 bp) showed 98.7 % similarity, and levels of similarity with the rpoB9 gene sequences of H. saccharolyticus JCM 8878 T (AB477159) and H. salifodinae JCM 9578 T (AB477160) were 92.9 and 92.6 %, respectively. .0 (150-250) ¢0 (no data) pH range (optimum) 6.5-8.5 (7.5) 5.5-9.0 (6.0) 6.0-9.0 (6.5) 6.5-9.0 (8.0) 5.5-9.0 (7.0) 5.5-9.0 (7.0) 5.5-9.0 (7.5) 5.5-9.0 (6.0) 5.5-9.0 (7.5) 6.0-9.0 (7.0) Temperature range (optimum) (uC) 22-47 (42) 22-45 (37) 25-45 (40) The rpoB9 genes of strains 62E T and 197A formed a branch with those of H. saccharolyticus JCM 8878 T and H. salifodinae JCM 9578 T on the ML phylogenetic tree (Fig.  1b) . Differences in gene lengths were found within the first 15-31 nt, and their downstream sequences (1812 bp) were aligned unambiguously. Although the cluster of rpoB9 genes was loose compared with that of 16S rRNA genes, with long branches within the cluster, the rpoB9 gene tree strongly supported that the two novel strains were members of the genus Halococcus.
The G+C contents of the total DNA were determined by the HPLC method of Tamaoka & Komagata (1984 (Wayne et al., 1987; Stackebrandt & Goebel, 1994) .
Polar lipids were extracted with chloroform/methanol after grinding the cells in a mortar and pestle with pieces of quartz and developed on an HPTLC silica gel 60 plate (20610 cm; Merck) in the solvent system chloroform/ methanol/acetic acid/water (85 : 22.5 : 10 : 4, by vol.) as described previously (Kamekura, 1993) . The major polar lipids of strains 62E T and 197A and the eight Halococcus strains were C 20 C 20 and C 20 C 25 archaeol derivatives (Kates, 1993) of PG, PGP-Me (as revealed by two spots of PGP-Me) and S-DGA-1 (Kates, 1993) (Fig. S1, available Cells are non-motile cocci, approximately 1.2-2.0 mm in diameter. Colonies are circular, smooth and pink-pigmented. Able to grow with 24-30 % (w/v) NaCl (optimum, 27 %), at pH 5.5-6.5 to 8.5-9.0 (optimum, pH 6.0-7.5) and at 22 to 45-47 u C (optimum, 37-42 u C). Requires at least 15 mM Mg 2+ for growth (optimum, 60 mM). The ranges and optima differ between strains (Table 1) . Cells do not lyse in distilled water. Catalase-positive (weak) and oxidase-positive. Urease is negative. H 2 S is not produced from thiosulfate. Indole formation is weakly positive. Reduction of nitrate to nitrite is positive. Does not reduce nitrite under aerobic conditions. Anaerobic growth with nitrate, arginine and DMSO is not observed. Hydrolyses agar, gelatin and skimmed milk, but not starch or Tween 80. Capable of using sucrose, trehalose and sodium succinate as single carbon and energy source, but not L-arabinose, cellobiose, D-fructose, D-galactose, glycerol, lactose, Dmannitol, D-mannose, a-L-rhamnose, D-sorbitol, D-xylose, sodium citrate, sodium fumarate, sodium DL-lactate, sodium L-malate or sodium pyruvate. Utilization of Dglucose and maltose is variable. The major polar lipids are archaeol derivatives of PG, PGP-Me, derived from both C 20 C 20 and C 20 C 25 archaeol, and S-DGA-1. Several unidentified glycolipids are present. The DNA G+C contents are 62.7-63.0 mol%.
The type strain is 62E T (5JCM 19592 T 5KCTC 4143 T ), isolated from solar salt produced in the Philippines. The DNA G+C content of the type strain is 63.0 mol%.
